Abstract: Inorganic ceramic materials have recently been enjoying a great deal of attention for uses as biomaterial over the traditionally used polymeric material. The ability of silica based ceramics to release Si-containing ionic products makes them osteoconductive and their special surface composition has drawn considerable attention for its use as osteogenic proliferation, differentiation and gene expression of tissue cells. Here Pristine Multiwalled carbon nanotube (MWCNT) was functionalized by acid oxidation and used as template for nucleation of hydroxyapatite crystal. The CNT-HAP thus formed was further reinforced with exfoliated Montmoriollite(MMT) clay to increase the mechanical property of the nanocomposite. The synthesized composite viz CNT-HAP (HC) and CNT(HAP)-MMT(CHC) were characterized by fourier transform infrared spectroscopy(FTIR), X-ray diffraction(XRD), Scanning electron microscopy and transmission electron microscopy(TEM) and thermogravimetric analysis(TGA) . The biomedical application of CHC, blood compatibility was studied in terms of hemolysis assay and platelet adhesion assay. Finally, in vitro dissolution assay and the antibacterial activity of the material were further explored for establishing its use as an antibacterial biomaterial. The nanocomposite thus designed exhibited a promising candidate as an antimicrobial biomaterial for tissue Engineering application..
Introduction
Clays and clay minerals are widely utilized in our society are in geology, agriculture, construction, environmental applications and in Traditional applications that include ceramics, paper, paint, plastics, chemical carriers, decolorization, and catalysis etc (1) . Biomedical application of clay dates back to prehistoric era where clay served in wounds and skin irritations caused by Homo erectus and H. neanderthalensis. Clays were ingested to treat stomach and intestinal problems. Clay application finds its application as active ingredients in antacids, antidiarrhoerics, tropical applications such as cosmetic creams, powders and in pharmaceutics as excipients (2) . Precisely the rich electrochemistry of clay mineral attributes to its uses in human health and disease. Montmorillonite is a layered aluminosilicate, belongs to smectite group of clay which consists of a one edge shared octahedral sheet of aluminum hydroxide fused in between two silica tetrahedral (3) . The susceptibility of the charged smectite particles for swelling and delamination, results in rich selection of potential interactions between organic molecules and the clay particles. Inorganic ceramic materials have been enjoying a great deal of attention for uses as biomaterials over the traditionally used polymeric material. In the late 1960's Ceramics material replaced the earlier used metals for implants (2) . Clay particles have also been implemented in dental adhesives for improving bond strength. MMT particles have also been used as scaffold in bone therapies. The ability of silica based ceramics to release Sicontaining ionic products makes them osteoconductive and their special surface composition has drawn considerable attention for its use as osteogenic proliferation, differentiation and gene expression of tissue cells (4) . Hydroxyapatite (HAp, Ca10(PO4)6(OH)2) ceramics has served as an excellent biomaterial due to their close chemical composition with the bone and in biomedical field as drug delivery vehicle. The ability of HAP to form chemical bond with host tissues offers a great advantage over allografts and metal implants. The poor mechanical property has lead to the discovery of HAP based composites with improved mechanical properties(5).
Carbon nanotube (CNT) is an allotrope of carbon received a significant curiosity pertaining to its excellent physical, chemical and mechanical properties (6) . However there has been commendable use of CNT in biology and medicine in terms of pharmacy, medicine, drug delivery vehicle, biosensor and tissue engineering applications. However the darker side of CNT regarding its application goes to the toxicity of CNT depends on several intrinsic and environmental factors such as surface charge and modification, length, agglomeration etc. The conversion of the pristine CNT into its soluble form renders biocompatibility and reduces toxicity for biomedical applications (7, 8) . Toxicological reports of single walled CNT(SWCNT) and multiwalled CNT(MWCNT) suggested lower toxicity of the later, thus making it a more attractive material for biomedical application.
Till date there has been no attempt in putting together CNT, HAP with MMT clay in a single http://sciforum.net/conference/mol2net-1 composite system. In our work, CNT functionalized by acid oxidation served as template for nucleation of hydroxyapatite. The CNT-HAP thus formed was further reinforced with exfoliated MMT clay to further increase the mechanical property of the material. The synthesized composite viz CNT-HAP (HC) and CNT(HAP)-MMT(CHC) were characterized by fourier transform infrared spectroscopy(FTIR), X-ray diffraction(XRD), Scanning electron microscopy and transmission electron microscopy(TEM).
To evaluate the biomedical application of CHC, blood compatibility was studied in terms of hemolysis assay and platelet adhesion assay. In vitro dissolution assay was further studied for exploring its use as potential bone tissue engineering application. 
Determination of Hemolytic activity
The hemolytic activity of the CHC composite in different concentration range is shown in table 1. The nanocomposite shows hemocompatible within 15 mg/ml concentration range showing hemolysis less than 5% (13) . Carbon naotube and montmoriollite clay composites have previously been reported as hemocompatible (14, 15) . . The platelet adhesion assay was performed using three concentration of CHC, i.e 3,6,15 mg/ml. The value of the platelet adhesion percentage was 12.03, 15.04 and 26.3% respectively, indicating the CHC nanocomposites were nonthombogenic within the concentration range.
2.4. Phase analysis XRD patterns of the CHC nanocomposite after soaking in SBF is shown in figure 4 . The crystallinity of HA is observed to increase significantly after 4 weeks of incubation (16) . The result indicates the formation of apatite on the nanocomposite surface suggesting the bioactivity of the synthesized biomaterials (17) .
Antibacterial activity
The nanocomposites show an excellent antibacterial activity against E. coli DH5α (MTCC 1652). The antibacterial nature of the material was mainly due to the presence of MWCNT and MMT clay. The mechanism of antibacterial activity of CNT is associated with their diameter-dependent piercing and lengthdependent wrapping on the lysis of microbial walls and membranes, inducing release of intracellular components DNA and RNA and allowing a loss of bacterial membrane potential, demonstrating complete destruction of bacteria (18) . The presence of MMT clay further escalates the antibacterial effect of the MWCNT by means of direct interaction of clay with MWCNT leading to antibacterial action by contact inhibition (19 
Synthesis of HAP(f-MWCNT)
CNT sol was prepared by dispersing a small amount of prepared MWCNT in deionised water followed by sonication for 2h. To the sol, 0.5M of calcium chloride and phosphoric acid were separately added very slowly maintaining the Ca/p ratio to 1.67. The mixture was stirred for 1h. The pH of the system was maintained to ~9 by 1N sodium hydroxide. After ageing for 24h the product was dried in oven at 80 0 C(20). 3.2.3. Formation of MMT clay-HAP(f-MWCNT) Na-MMT clay were dispersed and stirred overnight in deionised water for allowing the clay layers to swell. To the dispersion HAP(f-MWCNT) was added and allowed to mix in a magnetic stirrer followed by sonication in bath sonicator. The composite were then oven dried and finally crushed to fine powder for characterization and further studies. 3.2.4. X-ray diffraction (XRD) X-ray diffraction (XRD) Powder X-ray diffraction (XRD) patterns were recorded using a Bruker AXS (Model D8, WI, USA) setup with CuKα radiation (1.5409 Å) and scan speed of 5 min −1 and scanning range from 5 0 to 80 0 (2θ). Hemolysis analysis Test specimens in 2 mL centrifuge tubes were equilibrated in saline (0.9% (w/v) NaCl) at 37 O C for 30 min. Whole blood from healthy mice was collected into sterile sodium citrate buffer, and diluted (0.2 mL in 10 mL saline).Equal amount of the diluted blood was added to the test specimen. Distilled water and physiological saline were used as negative control (N) and positive control (P), respectively. Samples were placed in a static incubator at 37 0 C for a further 60 min. After hemolysis, samples were centrifuged at 2500 rpm for 5 min(21) (Sun et al, 2014) . The absorbance of the supernatant was measured at 545 nm. The hemolysis percentage was calculated according to the following equation:
where A1, A2, and A3 are the absorbance of the negative control, sample, and positive control, respectively. 3.2.9. Biomineralization The test samples bioceramic was immersed into a 1.5-times concentrated simulated body fluid (SBF) at 37 0 C up to 7 days, and the SBF solution was change every 24h. The material was removed from the SBF solution after 7 day incubation, gently rinsed with water, and air dried at room temperature. The phases present in the coating were determined by XRD analysis (16, 22 
